Aromatic amino acid auxotrophs of the methanol-utilizing yeast Hansenula polymorpha were effectively selected by the use of nystatin and a medium that inhibits the growth of tyrosine auxotrophs. The procedure resulted in a frequency of aromatic auxotrophs of 2% of survivors and an enrichment of 20-fold. The new procedure also takes less time than traditional procedures. Of the auxotrophic mutants isolated, two-thirds required tyrosine and the remainder were tyrosinephenylalanine double auxotrophs.
Procedures for the enrichment of auxotrophic mutants in eukaryotic cells have been described. Especially interesting is the enrichment obtained in fungi by using the polyene antibiotic nystatin, whose effect is due to its selective action on actively growing cells (8) . This antibiotic has previously been utilized in the selection of auxotrophic mutants of Aspergillus nidulans (1), Hansenula polymorpha (7), Penicillium chrysogenum (4) , and Saccharomyces cerevisiae (8) .
We are interested in the microbial production of L-tryptophan from methanol as a major carbon source, through the selection of aromatic amino acid auxotrophs lacking chorismate mutase in the methanol-utilizing yeast H. polymorpha (S. Sanchez and A. L. Demain, in preparation). In this microorganism, although enrichment for auxotrophic mutants by nystatin treatment is effective, almost all of the mutants obtained required nucleic acid bases (7) . In this paper, we report on a method for enrichment of aromatic amino acid auxotrophs by combining nystatin treatment with a medium that inhibits growth of tyrosine auxotrophs of H. polymorpha.
MATERIALS AND METHODS
Organism and cultural conditions. Stock cultures of H. polymorpha wild type (3) and a tyrosine auxotroph were maintained, respectively, on solid minimal medium (MM) (2) and MM medium supplemented with L-tyrosine (100 ,ug/ml). Cultures were grown at 37°C on a rotary shaker (2-inch [ca. 5-cm]-diameter orbit) at 225 rpm in 50-ml Erlenmeyer flasks containing 10 ml of medium.
For preliminary nutritional characterization, spot inoculations were made in petri dishes containing solid MM medium supplemented with appropriate requirements. A complete medium (RM), made up with 2% peptone, 1% yeast extract, and 1% dextrose, was also used (7) . The plates were incubated at 37°C. When nucleic acid bases were used, a sterile solution containing guanine, adenine, thymine, and cytosine was made up to Mutagenesis. A 50-ml Erlenmeyer flask with 10 ml of RM medium was inoculated with cells from a 2-day-old slant of the wild-type strain and incubated on the shaker for 20 h. After washing the cells twice with 10 ml of 0.1 M citrate buffer (pH 5.5), we resuspended them in 10 ml of the same buffer in a 50-ml Erlenmeyer flask. The cells were treated with 0.5 ml of a N-methyl-N'-nitro-N-nitrosoguanidine solution (NTG) (500 ug/ml) for 30 min without shaking. This treatment resulted in an 88% kill.
Nystatin enrichment. After mutagenesis, the cells were washed three times with distilled water and grown on a shaker in a 50-ml Erlenmeyer flask containing 10 ml of RM medium. After 18 h, the culture was washed with sterile distilled water and resuspended in the same flask with 10 ml of MM medium plus 2 g of sucrose. After 5 min, the cells were treated with 216 USP units of nystatin for 15 min without agitation. After being washed three times with sterile distilled water, the cells were diluted and plated either on solid RM medium as control or on MM medium supplemented with L-tyrosine, L-phenylalanine, and L-tryptophan (100 Mg/ml each). The resultant colonies were tested for auxotrophy on trophs. Recently we found that the above-mentioned inhibition is due to the presence of Lleucine, L-methionine, and L-histidine in the culture medium. L-Leucine and L-methionine exert their action by preventing L-tyrosine uptake, whereas a regulatory effect seems to take place in the presence of L-histidine (A. Cea and S. Sanchez, in preparation).
The new procedure (Table 3) offers several advantages for the selection of aromatic amino acid auxotrophs over the traditional enrichment, in which nystatin treatment is preceded by nitrogen depletion (7, 8) . One is a reduction in the time required for obtaining the desired auxotrophs (134 against 200 or more h) (7, 8) , thus reducing the possibility of contamination. The main benefit, however, is the strikingly high enrichment for aromatic amino acid auxotrophs (20-fold). This point is especially important considering that none or very few of such mutants can be obtained by similar procedures (5, 7, 8) .
It is expected that this new procedure will be useful for obtaining any kind of specific auxotrophs simply by finding growth inhibitors of the desired mutants that do not affect the rest of the cell population. For instance, we have previously reported (6) that L-citruline specifically inhibits L-proline-requiring mutants of Neurospora crassa growing in the presence of L-arginine. This should enable us to enrich for proline auxotrophs by treatment with nystatin after growth in media containing L-citruline Plus L-arginine.
